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 Interacting electrons have two distinct regimes:
𝑣𝐹𝑞 ≫ Ω and 𝑣𝐹𝑞 ≪ Ω
𝛀 ≪ 𝒗𝑭𝒒
𝛀 ≫ 𝒗𝑭𝒒





 Polarization resolved Raman scattering
 Strongly correlated materials (Fe-based superconductors)
 Optical measurement: Ω ≫ 𝑣𝐹𝑞
 Measures electronic density fluctuations:
𝐼 Ω ∝ 𝜒𝑙=2
′′ (Ω)
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Background 
 Raman studies of FeSe1-xSx
 Many other materials as well
W.-L. Zhang et. al. (private/2017)
𝜒′(0)
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𝜒′′(Ω)
meV























𝑓 𝑘 ≈ 𝑓 𝜙𝑘 = cos(2𝜙𝑘)
 Boson critical dynamics:
𝜒 𝐪, Ω𝑚 ≪ 𝑣𝐹𝑞 =
𝜒0





Π(𝐪 = 0, Ω𝑚)
𝑘𝐹
Results
 Result #1: form of Π 𝑞 = 0, Ω :
 Π(Ωm) ∼ Π0(𝜉
−1) + ൝
Ωm𝜉












FeSe DFT (Terashima et al 
2014)
Results
 Result #2: identifying mechanisms of nematicity
Pomeranchuk Independent
Critical scales 𝜉 𝜉0, 𝜉
Amplitude










∝ 𝜉2 ∝ 𝜉2𝜉0
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Results









𝜉−2 = 𝜉−2 𝜉−2 = 𝜉0
−2 − ҧ𝑔′Π0
Large for Ω ≪ 𝑣𝐹𝑞 only!
FeSe1-xSx analysis highlights
 Some background on FeSe:
DFT (Terashima et al 2014)
T
x
Coldea & Watson 2018
Hsu et. al. 2008
FeSe1-xSx analysis highlights
 Raman studies on FeSe1-xSx:
 Slope: Γ = 𝜒′′(Ω → 0)/Ω
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FeSe1-xSx analysis highlights
 Comparison with theory (Pomeranchuk):
𝜒′ 0 = Π0 1 −
arctan 𝑘𝐹𝜉
kF𝜉





′ 0 − 𝜒𝜉
′ 0 ∝ 𝜉−1
Γ =




 Comparison with theory (Pomeranchuk):
𝜒′ 0 = Π0 1 −
arctan 𝑘𝐹𝜉
kF𝜉





′ 0 − 𝜒𝜉
′ 0 ∝ 𝜉−1
Γ =
𝜒′′ Ω → 0
Ω
∝ 𝜉2
𝛿𝜒′ 2 ∝ Γ−1
FeSe1-xSx analysis highlights
 Comparison with theory (Pomeranchuk):
𝜒′ 0 = Π0 1 −
arctan 𝑘𝐹𝜉
kF𝜉
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Theory highlights
 Reminder:
 Fermions coupled to QC boson
 Energy scales (at QCP):
𝐻𝐼 = 𝑔෍
𝐤,𝐪







𝑓 𝑘 ≈ 𝑓 𝜙𝑘 = cos(2𝜙𝑘)
,










Altshuler, Ioffe, Millis; …
Theory highlights
 Free fermion susceptibility:
= 0
Free fermions ⇔ all 𝑘 − states are conserved!
Theory highlights
 Next order (𝜔0 ≪ Ω ≪ 𝜔1):
Breaks down for Ω < 𝜔0 (NFL regime)
Theory highlights
 Eliashberg theory (Ω𝑚 ≪ 𝜔0):




















 Eliashberg theory (Ω𝑚 ≪ 𝜔0):
 Most singular contributions:
Theory highlights
Type equation here.+ + +⋯ = 0
Small 𝑞 ∼ 0 – still conservation law!
𝑘𝐹
 Eliashberg theory (Ω𝑚 ≪ 𝜔0):
 Most singular contributions:
 Large 𝑘 correction:
Theory highlights
Type equation here.+ + +⋯ = 0
Summary
 Nonconserved order parameter 
 ‘new’ regime to study: Ω > 0, 𝑞 = 0
 Can identify driving mechanism
 𝛿𝜒′ ∼ Γ−1 vs 𝛿𝜒′2 ∼ Γ−1
 FeSe – good agreement with Pomeranchuk scenario
 Interplay between conservation laws and strong fluctuations
 Singular fluctuations interfere destructively
 No divergences: 𝜒′′ ∝ 𝜉2Ω, Ω
1
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Pomeranchuk Independent
𝜉 𝜉0, 𝜉
Thank you!
